A strictly anaerobic, Gram-stain-negative, non-spore-forming, motile bacterium, designated strain FSRU B0405 T , was isolated from a commercial pickle spoilage tank and characterized by biochemical, physiological and molecular biological methods. Analyses of the 16S rRNA gene sequence of strain FSRU B0405
At the time of writing, the genus Pectinatus (Lee et al., 1978; emend. Juvonen & Suihko, 2006) comprises five species with validly published names that are affiliated with the class Negativicutes in the phylum Firmicutes (Marchandin et al., 2010) . Until recently, species of the genus Pectinatus were only associated with spoiled beer and brewery environments (for a review, see Haikara & Juvonen, 2009) . Pectinatus cerevisiiphilus was first described as a strictly anaerobic Gram-negative bacterium in spoiled beer (Lee et al., 1978; emend. Schleifer et al., 1990) , followed by Pectinatus frisingensis (Schleifer et al., 1990) and more recently Pectinatus haikarae (Juvonen & Suihko, 2006) . Gonzalez et al. (2005) described a non-beerassociated species Pectinatus portalensis from a winery wastewater treatment plant. However, the cultures cited as the type strain of the species do not conform to the original description, and Vereecke and Arahal (2008) have requested that the Judicial Commission places the name Pectinatus portalensis on the list of rejected names if a suitable replacement type strain is not found or a neotype is not proposed within two years following the publication of their request. Another wastewater-related species Pectinatus brassicae was recently found in salty pickle wastewater, widening the known habitats of members of the genus Pectinatus (Zhang et al., 2012) .
Species of the genus Pectinatus are common spoilage bacteria in unpasteurized packaged beer, causing turbidity and off-flavours. These off-flavours are caused by the production of propionic and acetic acids and sulfur compounds such as hydrogen sulfide gas. Species of the genus Pectinatus have emerged as spoilage bacteria with new anaerobic beer filling techniques and with the shift towards 'natural' methods without pasteurization (Haikara & Helander, 2006) . Beer spoilage by species of the genus Pectinatus is highly damaging due to noxious off-flavours produced that make the product unfit for consumption (Lee, 1994 ) from a commercial pickle tank in eastern North Carolina, USA after spoilage had occurred. This was, to our knowledge, the second report of recovery of a species of the genus Pectinatus from commercial pickles and vegetable wastewater (Zhang et al., 2012) . The cucumber fermentation spoilage brine was at pH 4.9, with 4.3 % NaCl, 38 mM acetic acid, 46 mM propionic acid and 48 mM butyric acid (Franco et al., 2012) . Increased turbidity and rotten egg odour were noted in the sample. Lactic acid, succinic acid, malic acid, ethanol, glycerol, fructose and glucose were not detected. This 8000 gallon, outdoor vegetable brining tank, containing cucumber pieces such as nubs and relish, had not been air purged for over 12 weeks. Standard cucumber fermentations have low pH (3.3), 0.3 mg dissolved oxygen l 21 and a redox potential of approximately 350 mV and no propionic or butyric acids (Franco et al., 2012) . Spoiling cucumber fermentations may contain propionic acid and butyric acid, have pH values above 4.0 (Fleming et al., 1989; Kim & Breidt, 2007) and dissolved oxygen (2.2 mg l
21
) values with a negative redox potential (2139 mV), indicative of reducing conditions (Franco et al., 2012) . It is believed that under reducing conditions, oxygen is scavenged by free radicals.
Strain FSRU B0405
T was identified by 16S rRNA gene cloning and sequencing of DNA from spoilage brine treated with propidium monoazide to detect only viable bacterial cells (Nocker & Camper, 2006; Pan & Breidt, 2007) . Other micro-organisms detected in the spoilage community included Clostridium sordellii, Acidaminococcus fermentans, Dialister micraerophilus, members of the genera Lactobacillus, Pediococcus, and Pseudomonas and yeasts of the genus Pichia (F. Breidt, unpublished data).
T and four other species of the genus Pectinatus [Pectinatus brassicae (DSM 24661 T ); Pectinatus cerevisiiphilus (VTT E-79103 T ); Pectinatus frisingensis (VTT E-79100 T ) and Pectinatus haikarae (E-88329 T )] were anaerobically cultured at 30 u C in FCJ and peptone yeast fructose media (PYF). The FCJ was prepared by fermentation of Lactobacillus plantarum (MOP3) at 10 6 c.f.u. ml 21 on a 50 : 50 pack-out ratio of size 2B cucumbers with 0 % NaCl, 18 mM Ca(OH) 2 and 53 mM glacial acetic acid (Fleming et al., 1995) . Cucumbers and brine were homogenized in a Waring blender. Slurry was frozen and then thawed prior to use, centrifuged at 13 000 g for 20 min (Sorval), the supernatant was aspirated and filtered with a 0.45 mM vacuum filter unit (final pH 5.0). Peptone yeast fructose medium (Juvonen et al., 1999) (5.0 g peptone, 5.0 g tryptone, 10.0 g yeast extract, 5.0 g fructose, 2.0 g Na 2 HPO 4 , 1.0 ml Tween 80 and 5.0 g cysteine HCl in1 l distilled water) was reduced in an anaerobic chamber (Coy Laboratory Products) for at least 24 h prior to inoculation with isolates of members of the genus Pectinatus.
When observed using phase-contrast and light microscopy, cells of strain FSRU B0405 T grown on anaerobic PYLvancomycin medium were Gram-stain-negative and exhibited a distinctive X-shape during movement characteristic of members of the genus Pectinatus. FSRU B0405 T cells were imaged by scanning electron microscopy (SEM) and exhibited diverse morphologies as described previously (Haikara & Helander, 2006) (Figs. 1 and 2 ). Chains of rods and round cell forms were also present. Characteristic comb-like flagella were present but broken due to SEM preparation. Older, elongated cells had snake-like movement when observed under light microscopy.
Pickle spoilage brine aliquots of 10 ml were centrifuged (Sorvall, Thermo Fisher Scientific) at 2 750 g for 10 min at 4 u C, washed in saline solution and centrifuged as described above. Pellets were resuspended in 490 ml sterile saline solution and treated with propidium monoazide (PMA) to eliminate dead bacterial and extracellular DNA (Pan & Breidt, 2007) . A 10 ml volume of 2.5 mM PMA stock solution (1.0 mg of PMA in 780 ml 20 % DMSO) (Biotium) was added to 490 ml spoilage pellet in saline (final concentration 50 mM PMA). Suspensions were vortexed briefly and placed in the dark for 5 min at room temperature. Then sample tubes were placed in ice slurry with tops open and exposed to a 650 W halogen lamp 20 cm above the tubes for 5 min. After this light exposure for cross-linking of the dyes with DNA, the cell suspensions were centrifuged at 3 300 g for 5 min at RT. The supernatant was removed and the pellet was treated with PMA again as described above. PMA-treated samples were stored as pellets at 220 u C until DNA extraction.
DNA was extracted using one of three different methods: DNeasy kit (Qiagen) Gram-negative protocol plus mutanolysin; DNeasy kit Gram-positive protocol plus mutanolysin and lysozyme or Power Soil DNA (MoBio) extraction kit which includes a bead beating step. The 16S rRNA sequence of strain FSRU B0405
T was determined using primers 8f (59-AGAGTTTGA TCCTGGCTCAG-39) and 1492r (59-GGTT-ACCTTGTTACGACTT-39) (Stackebrandt & Liesack, 1993) with the resulting amplicon sequenced in both directions using the same primers by commercial sequencing companies GeneWiz (South Plainfield, NJ, USA; http://www. genewiz.com) or Eton (San Diego, CA, USA; http://www. etonbio.com). Approximately 1517 base pairs were checked manually for errors and queried for similarities with BLAST analysis (Altschul et al., 1990 T (GenBank accession number JF280084) had 96 % sequence similarity (1439/1511 bp) with Pectinatus haikarae VTT E-88329 T (GenBank accession number DQ223731). The next highest match was with Pectinatus brassicae TY T (GenBank accession number HM212531) at 95 % sequence similarity.
Maximum-likelihood and neighbour-joining phylogenetic trees were reconstructed using the Ribosomal Database Project website (http://rdp.cme.msu.edu/) and PHYLIP software (Fig. 3) . Strain FSRU B0405 T clustered definitively (in 100 % of bootstrapped trees) within the genus Pectinatus, but not specifically with any characterized species within this genus.
Comparative biochemical and physiological characterizations using identical tests conditions were performed as previously described (Juvonen & Suihko, 2006) . Antibiotic susceptibility tests were performed using triplicate tubes containing 3 ml PYL plus the concentrations of antibiotics listed. Turbidity was measured after 48-72 h of anaerobic growth at 30 u C (Table S1 available in IJSEM Online). Besides vancomycin, FSRU B0405
T was resistant to nisin (25 ng ml 21 ), a lantibiotic used to suppress Gram-positive bacterial growth. This differs from previous findings where Pectinatus cerevisiiphilus was found to be highly sensitive to vancomycin (Helander et al., 1994) and Pectinatus frisingensis was shown to be sensitive to nisin (Chihib et al., 1999) . FSRU B0405
T was sensitive to all other antibiotics tested (Table S1 ).
Growth was examined in de Man Rogosa Sharpe (MRS, Oxoid), peptone yeast extract fructose (PYF) and peptone yeast extract glucose (PYG) (Holdeman et al., 1977) broth media and in selective medium for Megasphaera and Pectinatus (SMMP) (Lee 1994) . FSRU B0405
T grew in filter-sterilized, light beer with 4 % v/v alcohol, approximately 10 bitterness units (BU), pH 4.2, using the method of Haakensen et al. (2007) . For analysis of organic acids and sugars after growth on PYF or FCJ, samples (2 ml) were withdrawn aseptically at indicated times for HPLC and pH measurements. The pH was determined with an Accumet AR25 pH meter (Fisher). Organic acid and sugar concentrations were measured with a Thermo Separation Products HPLC (ThermoQuest) system. All species of the genus Pectinatus that grew on FCJ or PYF produced succinic, acetic and propionic acids from primary carbon sources, lactic acid or fructose, respectively (Table S2) . No butyric acid was produced in either medium. Strain FSRU B0405
T produced acetate and propionate as major Pectinatus sottacetonis sp. nov.
metabolites similarly to type strains of species of the genus Pectinatus. Moreover, H 2 S and acetoin production was detected in PYF medium (Table 1 ). The observed metabolite profile supports affiliation of FSRU B0405 T to the genus Pectinatus (Schleifer et al., 1990; Juvonen & Suihko, 2006) . Pectinatus brassicae and Pectinatus haikarae were not able to grow on FCJ. After 7 days culture, the pH of FCJ rose from 4.9 to 5.4, perhaps due to the different pK a values of the acids as lactic acid was converted to acetic and propionic acids. After 72 h growth, the pH of PYF media dropped from pH 4.3 to 4.1, presumably due to the production of acetic and propionic acids from fructose. The pH growth range for FSRU B0405
T was pH 5.0-8.0 (Table 1) 
T differed from the pickle wastewater strain, Pectinatus brassicae TY T , due to its lack of susceptibility to vancomycin, acetoin production, growth temperature range, acid production from adonitol, cellobiose, erythritol, glycerol, inositol, lactose, maltose, mannose, ribose, salicin, sorbitol, trehalose and xylitol and lack of hydrolysis of milk (Table 1) . FSRU B0405
T was originally isolated from commercial pickle spoilage brine with 4.3 % NaCl.
For whole-cell fatty acids analysis, the bacterial strains were grown on PYF agar medium (Juvonen et al., 1999) under anaerobic conditions for 72 h at 30 u C. Cells were collected under anaerobic conditions, tubes were closed tightly and frozen until used. Whole-cell fatty acid methyl esters (FAMEs) were prepared from 40-60 mg of wet cell material and analysed by GC according to the Sherlock Microbial Identification (MIDI) protocol. Peaks were automatically integrated, and the FAMEs were identified and quantified using the MIDI anaerobic BHBIL library version 3.8 (MIDI). The fatty acid profile of strain FSRU B0405 T was very similar to the profiles already described for other species of the genus Pectinatus (Table 2) (Haikara & Helander 1995; Zhang et al., 2012) . The typical major fatty acids, i.e. C 11 : 0 , C 13 : 0 , C 15 : 0 , C 13 : 0 3-OH (most probably misidentified as C 14 : 0 in MIDI), C 17 : 1 and C 18 : 1 v11t could also be detected in strain FSRU B0405 T . However, some minor differences could be observed ( Cells are non-spore-forming slightly curved to helical rods, 0.4-1.062-50 mm or more, with rounded ends and a Gram-negative cell wall. They occur singly, in pairs or, rarely, in short chains. Cells are usually motile by means of comb-like flagellation which emanates from only one side of a cell. Organisms are strictly anaerobic mesophiles with a fermentative type of metabolism. Glucose and fructose are mainly metabolized to acetic and propionic acids. H 2 S and occasionally minor amounts of succinic and lactic acid are also produced. Cells do not synthesize cytochrome oxidase or liquefy gelatin nor produce indole. Nitrate is not reduced. The DNA G+C content of members of this genus is 36-41 mol%. Members of this genus have been isolated from spoiled beer, brewery environments, spoiled pickles and wastewater.
The type species of the genus is Pectinatus cerevisiiphilus (Lee et al., 1978; emend. Schleifer et al., 1990) .
Description of Pectinatus sottacetonis sp. nov.
Pectinatus sottacetonis [sot.ta.ce9to.nis. N.L. n. sottaceto (from Italian noun sottaceto), pickle; N.L. gen. n. sottacetonis of sottaceto, referring to the isolation of the type strain from a cucumber fermentation (pickle) spoilage tank]. 
Pectinatus sottacetonis FRSU B405 T (JF280084)

Pectinatus brassicae TY T (HM212531)
Pectinatus frisingensis ATCC 33332 T (AY659948)
Pectinatus portalensis B6 T (AY428574)
Pectinatus haikarae VTT E-88329 T (DQ223731)
Pectinatus cerevisiiphilus VTT E-79103 T (FR870446)
Megamonas rupellensis FM1025 T (EU346729)
Megamonas funiformis YIT 11815 T (AB300988)
Megamonas hypermegale DSM 1672 T (AJ420107)
Selenomonas ruminantium subsp. lactilytica JCM 6582 T (AB003379)
Veillonella atypica ATCC 17744 T (AF439641)
Dialister micraerophilus ADV 04.01 T (AF473837)
Megasphaera cerevisiae VTT E-85230 (L37040)
Sporomusa silvacetica DG-1 T (Y09976)
Bacillus subtilis DSM 10 T (AJ276351) Fig. 3 . Weighted neighbour-joining phylogenetic tree of 16S rRNA sequences (1517 bp) showing the position of Pectinatus sottacetonis sp. nov. within the Pectinatus-Sporomusa group of the family Veillonellaceae. The root of this tree was established using Escherichia coli (The type strain of E. coli used was ATCC 11775, the sequence is genbank accession number X80725) as the outgroup. Numbers are bootstrap values (rounded to the nearest percentage point) of 1000 weighted neighbour-joining trees (values above the branches) and maximum-likelihood trees (below the branches and in italics). Diagonal lines represent differences in consensus maximum-likelihood trees relative to the weighted neighbour-joining tree generated during bootstrap analysis. The Pectinatus frisingensis sequence is a partial sequence of only 472 nt.
Cells are Gram-stain-negative to Gram-stain-variable, nonspore-forming, mesophilic, slightly curved rods. They occur singly and occasionally in pairs, forming long helical 'snakes' in stationary-phase. Rods are approximately 0.5 mm in width and range from 3 to 30 mm in length, depending on the age of the cultures. Cells are highly motile and exhibit a distinctive 'X-wise', flip-flop motion due to flagella being clustered on one side of the cell. Strictly anaerobic, they can only grow on degassed broth or on degassed agar plates after being spread and overlaid with additional solid media. Frozen cultures do not survive in 20 % glycerol (by volume) stocks stored at 280 u C, but require 7 % DMSO in liquid nitrogen for prolonged viability. Cultures grow well on PYL, PYF and MRS media between pH 5.0 and 8.0. Cultures are mesophilic, growing at 15-37 u C, but not at 10 u C or 45 u C, with an optimum at around 30 u C. Excellent growth (.5 on a McFarland scale) is obtained in PYF and PYG broth media after 2 days and moderate growth (2-3 on a McFarland scale) in MRS and SMMP media after 3 days at 30 u C. Cells grow in up to 7 % NaCl. Colonies on PYF and PYG plates after 3 days at 30 u C are flat to convex, light-yellowish, opaque and (Zhang et al., 2012) are from this study. All strains were positive for acid production from D-fructose, D-galactose and D-glucose. All strains were negative for acid production from glycogen, inulin, melezitose, raffinose and soluble starch and for production of oxidase and indole and hydrolysis of gelatin. W, Weakly positive; 2, negative; +, positive; ND, not determined. Adonitol (5ribitol)
Cellobiose
DL-Erythritol
Aesculin 2
Lactose *Names of the fatty acids as given by MIDI system. DThe fatty acid identified by MIDI as C 14 : 0 DMA is most probably C 13 : 0 3-OH (Haikara and Helander, 2006) . dMost probably C 17 : 1. §Summed features are groups of two or three fatty acids that are not separable in the MIDI system: summed feature 2, C 12 : 0 3-OH/C 13 : 0 ; summed feature 4, Un14.762/C 15 : 2 /C 15 : 1 v7c; summed feature 5, C 15 : 0 /C 14 : 0 3-OH; summed feature 6, anteiso-C 15 : 0 3-OH/C 16 : 1 v7c DMA; summed feature 8, C 17 : 1 v9c/C 17 : 2 ; summed feature 10, C 18 : 1 v11c/v9t/v6t/Un17.834.
